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Abstract 
This paper presents an implementation of the Imperialist Competitive Algorithm (ICA) in optimization of intermediate epoxy 
adhesive layer which is bonded between two dissimilar strips of material. The recently introduced ICA has demonstrated 
excellent capabilities such as faster convergence and better global optimum achievement. The results of ICA are finally 
compared with the Finite Element Method (FEM) and Genetic Algorithm (GA). In application, comparison shows the success of 
ICA for designing adhesive joints in composite materials.   
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1. Introduction 
     Nowadays, adhesives bonding are widely used in modern technology [1]. A composite structure obtained 
through adhesion between reinforcements and matrix exhibits diverse thermal and mechanical behaviour. A thin 
interphase layer located between dissimilar bodies may effectively influence the overall structural parameters such 
as strength, dynamic behaviour, fracture and life. Adhesive bonding of glass is usually much more desirable than 
using mechanical fastening due to aesthetic appearance and low stress levels. The properties of composite materials 
are influenced by the kind of adhesion between the reinforcement and the matrix [2–4]. The behaviour of an 
adhesive layer under mixed mode loading has been studied in [5] by FEM and in another study, the adhesive layer is 
modelled as an interface between jointed bodies [6]. 
      Universal optimization problems exist in all branches of science and engineering. So far, many evolutionary 
algorithms [7, 8] have been proposed for solving global optimization problems. In computer science, the ICA [9] is 
a computational method that is used to solve many types of optimization problems. Like most of the methods in the 
field of evolutionary computation, ICA does not need the gradient of the function in its optimization process. 
Specifically, ICA can be thought of as the social counterpart of GAs. ICA is the mathematical model simulation 
of human social evolution, while GAs are based on the biological evolution of species. 
     ICA has been applied successfully in different domains such as controller design [10-11], recommender systems, 
characterization of elasto-plastic properties of materials [12] and many other optimization problems [13-14]. 
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Comparing the results, the ICA has shown good performance in both convergence rate and better global optimum 
achievement. The aim of this paper is to optimize the thickness of epoxy matrix for a thin adhesive layer under plane 
stress condition by using ICA. In the present study an epoxy matrix interphase is sandwiched between two fiberglass 
bodies.  
2. Optimization Problem 
The ICA procedure is implemented for optimizing the intermediate layer. The results will then be evaluated for 
accuracy using finite element analysis. 
2.1. Imperialist Competitive Algorithm  
Imperialist competitive algorithm (ICA) is a new evolutionary optimization method which is inspired by 
imperialistic competition. Like other evolutionary algorithms, it starts with an initial population which is called 
country which be of type being colonized or being imperialist. Together the countries form empires and the 
imperialistic competition among these empires forms the basis of this algorithm. Imperialistic competition 
converges to a situation in which there exists only one empire. The colony will then have the same cost function 
value as the imperialist.  
The total power of an empire depends on both the power of the imperialist country and the power of its colonies, 
C.Cn =cost function (imperialist n) + λ mean {cost (colonies of empires n)}                                (1) 
     This competition gradually brings about a decrease in the power of weaker empires and an increase in the power 
of more powerful ones. This is modelled by just picking some of the weakest colonies of the weakest empires and 
making a competition among all empires to possess these colonies. Figure 2 shows a flowchart of the ICA. 
 
 
Fig. 1. Illustration of imperialist of competitive algorithm (ICA) 
 
To obtain optimal thickness of the interphase, the objective function is defined as follows, 
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where t, ρ, L and B represent thickness, material density, length and breadth of the plate respectively. WG is the glass 
weight and WA is adhesive weight. 
 
Fig. 2.Schematic representation of the problem 
2.2. Numerical Simulation 
The sample geometry, boundary conditions and meshing are illustrated in Figure 3 (Fig. 3-a).  The regions of the 
adhesive close to the glass strips have refined mesh (Fig. 3-b). The two-dimensional finite element mesh is built 
from four-nodes isoparametric elements with bilinear interpolation function. Five different models, each with 
different adhesive thickness, were identified in finding the optimal structure. The interphase properties when elastic 
are: Young’s modulus 3000 E MPa and Poisson’s ratio 4.0 X which are taken in Ref. [15] and the plastic 
material properties of the interphase are: the value of Huber-Mises stress 450,  tk MPa and the constant hardening 
modulus 2200 PE  MPa which are taken from Ref. [16]. 
 
 
a) 
b) 
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Fig 3. Illustration of The sample geometry 
3. Results and Discussion  
MATLAB simulations were carried out first using ICA and GA algorithms to determine the optimal set of thickness 
and weight parameters. 
Table 1. Optimization results and finite element results for simple monotonic tensile loading 
                                                           FEM                                                Opt. GA                                      Opt. ICA 
parameters symb
ol 
Inc. 25 Inc. 45 Inc. 100 Inc. 25 Inc. 45 Inc. 100 Inc. 25 Inc. 45 Inc. 100 
thickness 2h 0.01 0.01 0.01 0.0091 0.0091 0.0091 0.0083 0.0083 0.0083 
x-displacement [ux] 0 0 0 0 0 0 0 0 0 
y-displacement [uy] 1.93*10-4 3.24*10-4 8.18*10-4 1.85*10-4 3.17*10-4 8.06*10-4 1.72*10-4 3.01*10-4 7.69*10-4 
y-Comp. of stress бy 58.09 97.3 205.6 58.22 96.3 203.82 57.08 95.91 202.11 
xy-Comp. of stress бxy -7.39*10-14 -7.41*10-14 -7.54*10-14 -7.28*10-14 -7.37*10-14 -7.41*10-14 -7.17*10-14 -7.28*10-14 -7.34*10-14
 
Figure 3 illustrates the comparison of stress using finite element method with optimal designs based on GA and 
ICA, for simple monotonic tensile loading to intermediate layer in middle line the along x-direction. 
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Fig. 3. Comparison of finite element method with optimal design based on ICA in the interphase at the middle line (see Fig. 2)  
Table 2. xy-components of stress (MPa) at different deformation levels 
Methods Inc. 15 Inc. 25 Inc. 100 
FEM -3.76*10-14 -7.39*10-14 -7.54*10-14 
GA -3.71*10-14 -7.28*10-14 -7.41*10-14 
ICA -3.69*10-14 -7.17*10-14 -7.34*10-14 
 
Table 3. x-components of stress (MPa)  at different deformation levels 
Methods Inc. 15 Inc. 25 Inc. 100 
FEM 14.21 25.98 93.64 
GA 13.99 23.01 92.18 
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ICA 13.15 22.81 92.11 
 
 
Table 4. y-components of stress (MPa)  at different deformation levels 
Methods Inc. 15 Inc. 25 Inc. 100 
FEM 35.61 58.09 205.603 
GA 34.73 57.22 203.82 
ICA 34.18 57.08 202.11 
 
 
4. Conclusion  
The optimized results of the specimen problem are compared with the finite element results and genetic 
algorithm (GA). This study has shown that the new optimization based on imperialist competitive algorithm (ICA) 
is able to reproduce accurate results based on finite element method. This comparison shows that ICA can be used 
for optimizing mechanical engineering problems involving interphase layers. 
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